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AMENTMENTS 

In The Claim: 

Claims 1-11 (canceled) 

12. (withdrawn) A.method of forming one or more cylindrical bonding structures over a 
silicon wafer having an active surface and at least one bonding pad on the active surface, 
comprising the steps of: 

forming a ball contact metallic layer over the entire active surface of the silicon wafer, 
including the bonding pads; 

forming a patterned mask layer over the ball contact metallic layer, wherein the first mask 
layer has at least one opening that corresponds in position to the bonding pad and exposes a 
portion of the ball contact metallic layer; 

depositing conductive material into the opening to form a conductive cylinder over the 
ball contact metallic layer, wherein the conductive material only partially rills the opening; 

depositing solder material into the remaining space of the opening to form at least one 
cylindrical solder cap on the upper surface of the conductive cylinder, wherein the solder material 
has a melting point lower than the conductive cylinder material; and 

removing the mask layer and the ball contact metallic layer outside the conductive 
cylinder such that the remaining ball contact metallic layer, the conductive cylinder and the 
cylindrical solder cap together form the cylindrical bonding structure. 
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13. (withdrawn) The method of claim 12, wherein the bonding pad is an original bonding 
pad on the wafer. 

14. (withdrawn) The method of claim 12, wherein the wafer further includes a 
redistribution circuit layer and the bonding pad is a pad on the redistribution circuit layer. 

15. (withdrawn) The method of claim 12, wherein after removing the mask layer and a 
portion of the ball contact metallic layer, further includes conducting a reflow operation to 
transform the cylindrical solder cap into a solder block. 

16. (withdrawn) The method of claim 12, wherein the step of depositing conductive 
material into the opening includes conducting an electroplating operation. 

17. (withdrawn) The method of claim 12, wherein the step of depositing solder material 
into the opening includes conducting an electroplating or a printing operation. 

18. (withdrawn) The method of claim 12, wherein after forming the conductive cylinder 
but before forming the cylindrical solder cap, further includes forming a transition layer over the 
upper surface of the conductive cylinder so that the cylindrical solder cap is formed over the 
transition layer. 

19. (withdrawn) The method of claim 18, wherein the transition layer has at least one 
conductive layer. 
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20. (withdrawn) The method of claim 12, wherein material forming the conductive 
cylinder is selected from a group consisting of tin, lead, copper, gold, silver, zinc, bismuth, 
magnesium, antimony, indium and an alloy of the aforementioned metals. 

21 . (withdrawn) The method of claim 12, wherein material forming the solder block is 
selected from a group consisting of tin, lead, copper, gold, silver, zinc, bismuth, magnesium, 
antimony, indium and an alloy of the aforementioned metals. 

22. (withdrawn) The method of claim 1 2, wherein material forming the mask layer 
includes photoresist. 

23. (withdrawn) The method of claim 12, wherein the step of forming the patterned mask 
layer includes forming a photoresist layer over the ball contact metallic layer and patterning the 
photoresist layer. 

24. (withdrawn) The method of claim 23 , wherein the step of patterning the photoresist ^ 
layer, includes conducting a photo-exposure and developing the exposed photoresist layer. 

25. (withdrawn) A method of forming one or more cylindrical bonding structures over a 
silicon wafer having an active surface and at least one bonding pad on the active surface, 
comprising the steps of: 

forming a ball contact metallic layer over the entire active surface of the silicon wafer, 
including the bonding pads; 
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forming a patterned mask layer over the ball contact metallic layer, wherein the mask 
layer has at least one opening that corresponds in position to the bonding pad and exposes a 
portion of the ball contact metallic layer; 

depositing conductive material into the opening to form a conductive cylinder over the 
ball contact metallic layer, wherein the conductive material only partially fills the opening; 

removing the mask layer and the ball contact metallic layer outside the conductive 
cylinder; and 

attaching a solder ball onto the upper surface of the conductive cylinder such that the 
remaining ball contact metallic layer, the conductive cylinder and the solder ball together form 
the cylindrical bonding structure. 

26. (withdrawn) The method of claim 25, wherein the bonding pad is the original bonding 
pad on the wafer. 

27. (withdrawn) The method of claim 25, wherein the wafer further has a redistribution 
circuit layer and the bonding pads are pads on the redistribution circuit layer. 

28. (withdrawn) The method of claim 25, wherein the step of depositing conductive 
material into the opening includes conducting an electroplating operation. 

29. (withdrawn) The method of claim 25, wherein after forming the conductive cylinder 
but before attaching the solder ball, further includes forming a transition layer on the upper 
surface of the conductive cylinder so that the solder ball is attached to the transition layer. 

..... _ . . .. . _ Page 5 of 20 _ 



PACE 6/21 * RCVD AT 5/21/2004 2:07:21 PM [Eastern Daylight Time] * VR:USPT -EFXRF-1/0 * DNIS:8729306 " 0810:10498600809 * DURATI N tmm-ss):06-16 



5-2 1 -04- ; 1 O : 59AM ; 



; 1 9496600809 



Atty Docket No. JCLA8676-R Serial No. 10/055,580 

30. (withdrawn) The method of claim 29, wherein the transition layer has at least one 
conductive layer. 

31 . (withdrawn) The method of claim 25, wherein material forming the conductive 
cylinder is selected from a group consisting of tin, lead, copper, gold, silver, zinc, bismuth, 
magnesium, antimony, indium and an alloy of the aforementioned metals. 

32. (withdrawn) The method of claim 25, wherein material forming the solder ball is * 
selected from a group consisting of tin, lead, copper, gold, silver, zinc, bismuth, magnesium, 
antimony, indium and an alloy of the aforementioned metals. 

33. (withdrawn) The method of claim 25, wherein material forming the mask layer 
includes photoresist. 

34. (withdrawn) The method of claim 25, wherein the step of forming the patterned mask 
layer includes foiming a photoresist layer over the ball contact metallic layer and patterning the < * 
photoresist layer. 

35. (withdrawn) The method of claim 34, wherein the step of patterning the photoresist 
layer includes conducting a photo-exposure and developing the exposed photoresist layer. 

Claims 36-43 (canceled) 
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44. (withdrawn) A method of foraiing one or more cylindrical bonding structures over a 
silicon wafer having an active surface and at least one bonding pad on the active surface, 
comprising the steps of: 

forming a ball contact metallic layer over the entire active surface of the silicon wafer, 
including the bonding pads; 

forming a patterned first mask layer over the ball contact metallic layer, wherein the first 
mask layer has at least one opening that corresponds in position to the bonding pad and exposes a 
portion of the ball contact metallic layer; 

depositing conductive material into the opening to form a conductive cylinder over the * 
ball contact metallic layer; 

forming a patterned second mask layer over the first mask layer, wherein the second mask 
layer has at least one opening than exposes a portion of the conductive cylinder; 

depositing solder material into the opening to form a cylindrical solder cap over the 
conductive cylinder, wherein the solder material has a melting point lower than the conductive > 
cylinder material; and 

removing the first mask layer, the second mask layer and the ball contact metallic layer 
outside the conductive cylinder such that the remaining ball contact metallic layer, the conductive 
cylinder and the cylindrical solder cap together form the cylindrical bonding structure. 

45. (withdrawn) The method of claim 44, wherein the bonding pad is the original bonding 
pad on the wafer. 
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46. (withdrawn) The method of claim 44, wherein the wafer further has a redistribution 
circuit layer and the bonding pads are pads on the redistribution circuit layer. 

47. (withdrawn) The method of claim 44, wherein the step of depositing conductive 
material into the first mask layer opening includes conducting an electroplating operation. 

48. (withdrawn) The method of claim 44, wherein the step of depositing solder material 
into the second mask layer opening includes conducting an electroplating operation. 

49. (withdrawn) The method of claim 44, wherein after forming the conductive cylinder 
but before the cylindrical solder cap, further includes forming a transition layer on the upper 
surface of the conductive cylinder so that the cylindrical solder cap is formed over the transition 
layer. 

50. (withdrawn) The method of claim 49, wherein the transition layer has at least one 
conductive layer. 

51. (withdrawn) The method of claim 44, wherein material forming the conductive 
cylinder is selected from a group consisting of tin, lead, copper, gold, silver, zinc, bismuth, 
magnesium, antimony, indium and an alloy of the aforementioned metals. 

52. (withdrawn) The method of claim 44, wherein material forming the solder material is 
selected from a group consisting of tin, lead, copper, gold, silver, zinc, bismuth, magnesium, 
antimony, indium and an alloy of the aforementioned metals. 
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53. (withdrawn) The method of claim 44, wherein material forming the first mask layer 
includes photoresist. 

54. (withdrawn) The method of claim 44, wherein the step of forming the patterned first 
mask layer includes forming a photoresist layer over the ball contact metallic layer and patterning 
the photoresist layer. 

55. (withdrawn) The method of claim 54, wherein the step of patterning the photoresist 
layer includes conducting a photo-exposure and developing the exposed photoresist layer. 

56. (withdrawn) The method of claim 44, wherein material forming the second mask 
layer includes photoresist. . 

57. (withdrawn) The method of claim 44, wherein the step of forming the patterned 
second mask layer includes forming a photoresist layer over the first mask layer and patterning 
the photoresist layer. 

58. (withdrawn) The method of claim 57, wherein the step of patterning the photoresist 
layer includes conducting a photo-exposure and developing the exposed photoresist layer. 

59. (withdrawn) A method of connecting a chip to a substrate to form a flip-chip package, 
wherein the chip has an active surface having at least a bonding pad thereon, the substrate has a 
substrate surface having a patterned solder mask and at least one junction pad thereon, and the 
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solder mask has at least one opening that exposes the junction pad, the method comprising the 
steps of: 

forming a cylindrical bonding structure on the bonding pad of the chip, wherein the 
cylindrical bonding structure comprises a conductive cylinder and a solder block, the bottom 
surface of the conductive cylinder is on top of the bonding pad and the bottom surface of the 
solder block is on the upper surface of the conductive cylinder, and the solder block has a melting 
point lower than the conductive cylinder; 

flipping over the active surface of the chip to face the substrate surface of the substrate 
such that the upper surface of the solder block contacts the junction pad; and 

conducting a reflow process to melt the solder block material so that the conductive 
cylinder and the junction pad are j oined together. 

60. (withdrawn) The method of claim 59, wherein the bonding pad is the original bonding 
pad on the chip. 

61. (withdrawn) The method of claim 59, wherein the wafer further has a redistribution 
circuit layer and the bonding pads are pads on the redistribution circuit layer. 

62. (withdrawn) The method of claim 59, wherein material forming the conductive 
cylinder is selected from a group consisting of tin, lead, copper, gold, silver, zinc, bismuth, 
magnesium, antimony, indium and an alloy of the aforementioned metals. 
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63. (withdrawn) The method of claim 59, wherein material forming the solder block is 
selected from a group consisting of tin, lead, copper, gold, silver, zinc, bismuth, magnesium, 
antimony, indium and an alloy of the aforementioned metals. 

64. (withdrawn) The method of claim 59, wherein the solder block is a cylindrical solder 

cap. 

65. (withdrawn) The method of claim 64, wherein the cylindrical solder cap has an outer 
diameter smaller than the opening diameter on the solder mask. 

66. (withdrawn) The method of claim 65, wherein the cylindrical solder cap has a length 
greater than the depth of the opening on the solder mask. 

67. (withdrawn) The method of claim 59, wherein the cylindrical bonding structure 
further includes a ball contact metallic layer between the conductive cylinder and the bonding 
pad on the chip. ■ * 

68. (withdrawn) The method of claim 59, wherein the cylindrical bonding structure 
further includes a transition layer between the conductive cylinder and the solder block. 

69. (withdrawn) The method of claim 68, wherein the transition layer has at least a 
conductive layer. 

Claims 70-77 (canceled) 
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78. (currently amended) A cylindrical bonding structure positioned on a pad of a silicon 
chip - s uch that th e structure may flip over and connect with a substrat e, wherein the bonding 
structure is adapted to be bonded on a pad of a substrate, the chip has at lear.t nnn hnnrW pnH 
and-the substrate has a substrat e surface havin g-a patterned solder mas k and at least ono junction 
pad ther e on , and the patterned solder mask layer has at least one_af*-opening that exposes the 
junction pa d of the substrate, the cylindrical bonding structure comprising: 

a conductive pillar oylind or positioned over efl-the bonding p ad of the chip; and 
a tranoitiou layer on t h e - oonduct - iv e cylinder; and 

a cylindrical solder cap positioned over the conductive pilla r on tho trnnniHnn layer, 
wherein the cylindrical s older cap has a transverse diriiension an out e r diameter smaller than that 
th e diamet e r of the conductive cylind e r and th e diani e t e r -of the opening in the patterned solder 
mask,-and a length gr e ater than the depth of the openin g wherein the solder cap is fanned over 
the conductive pillar before the solder cap is bonded to the pad of the substrate .- and the solder 
mat e rial has a m e lting point lower than the conductive cylinder material . 

79. (currently amended) The structure of claim 78, wherein the material of the conductive 
pillar com p rises copper. t he bonding pad m tho nrigrnnl handing pad-en the ^hip. 

80. (currently amended) The structure of claim 78, wherein the material of the conductive 
pillar comprises tin-lead allov.th e chip further indnrinfi n rnHirtWhininr. n rni jt i n y er an j t fr c 
bonding pad is a pad on the redistribution circuit layer. 

„ 
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81. (currently amended) The structure of claim 78, wherein material forming the 
conductive cylinder p illar is selected from a group consisting of tin, lead, copper, gold, silver, 
zinc, bismuth, magnesium, antimony, indium and an alloy of the aforementioned metals. 

82. (currently amended) The structure of claim 78, wherein material forming the 
cylindrical -solder cap is selected from a group consisting of tin, lead, copper, gold, silver, zinc, 
bismuth, magnesium, antimony^ indium and an alloy of the aforementioned metals. 

83. (currently amended) The structure of claim 78, further comprising wherein tho 
Gtruoture further includes a ball contact m etallic layer positioned b etween the conductive 
eyfodeqjillar and the bonding p a d of the chip,- wherein the material of the metallic layer 
comprises titanium, tungsten, chromium, copper, nickel, cobalt, silver, gold, tin, vanadium, 
palladium or an alloy of some of the aforementioned metals . 

84. (currently amended) The structure of claim 78, wherein the transverse dimension of .. 
the solder cap is smaller than that of the conductive pillar, t he transition layer hns Unr . t nno 
conductiv e lay e r. 

85. (currently amended) A cylindrical b onding structure positioned on a pad of a chip* 
s uch that the structure may flip over and connect with a substrate, wherein th o chip has at loast 
on e bonding pad and th e substrat e has a s ubstrate surface having a pattomod sold e r mask and at 
jeast one junction pad ther e on, and th o patterned solder mask layer ha s at l e ast an op e ning that 
oxpoGoo tho junction pad, tho cylindrical bonding otruoturo comprising: 
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a conductive evUttde rpillar positioned over -en the bonding p ad of the chip; and 
a transition layer on the conductive cylinder; and 

a cylindrical solder cap positioned over the conductive pillar, the solder cap having a side 
wall all of which is exposed, on tho transition inynr w herein the cylindrical s older cap has a 
transverse dimension an outer diameter smaller than the transverse dimension d iam e ter of the 
conductive €yfe^rjillai\ and tho diameter of tho oponing in tho patterned o oldcr mask, and tho 
solder mat e rial has a m e lting point lower than th e oouductive cylinder mat e rial 

86. (currently amended) The structure of claim 85, wherein the material of the conductive 
pillar comprises copper. the bonding pad is the nriginnl hnnHiW p n d m th™ ch i p. 

87. (currently amended) The structure of claim 85, wherein the material of the conductive 
pillar comprises tin-l ead alloy. the chip further innlnrinn- n- mHihtrihntinn n j rc ni t layer a nd t h e 
bonding pad is a pad on the r e distribution circuit layor. 

88. (currently amended) The structure of claim 85, wherein material forming the 
conductive eyfatopillar is selected from a group consisting of tin, lead, copper, gold, silver, 
zinc, bismuth, magnesium, antimony, indium and an alloy of the aforementioned metals. 

89. (currently amended) The structure of claim 85, wherein material forming the 
cylindrical solder cap is selected from a group consisting of tin, lead, copper, gold, silver, zinc, 
bismuth, magnesium, antimony, indium and an alloy of the aforementioned metals. 
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90. (currently amended) The structure of claim 85, further comprising whoroin tho 
structure furth e r includes -a ball contact m etallic layer positioned between the conductive 
eyKadarpillar and the bonding p a d of the chip, wherein the material of the metallic laver 
comprises titanium, t ungsten, chromium, copper, nickel cobalt, silver, gold, tin, vanadium, 
palladium or an alloy of some of the aforementioned metals . 

91. (currently amended) The structure of claim 85, further comprising a transition laver 
positioned between the conductive pillar and the solder cap, w herein the transition layer 
comprises has-at least one conductive layer. 
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